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Abstract 
A techno-economic comparative assessment is made for an amine based post-combustion 
capture (PCC) process applied to representative coal-fired power plants in Australia and China. 
The assessment is based on an in-depth analysis of the cost of generation. The process and cost 
models for integrated power and capture plants have been obtained using ASPEN Rate-Sep, 
Steam-Pro, Steam-Master and PEACE software packages for process modelling and cost 
estimation. The equipment costs as well as the fuel costs have been based on the national 
experiences and circumstances. 
Important differences between PCC in China and Australia have been identified: 
- the limited environmental controls in existing Australian coal fired power stations 
requiring a retrofit to include extensive flue gas pre-treatment, 
- the low fuel cost in Australia as power plants are closely located to coal mines 
- the low capital costs in China as a result of lower local manufacturing costs. 
The results indicate that PCC in China can benefit significantly from more energy efficient 
processes, whereas for the Australian circumstances the focus should be on reduction of capital 
costs. 
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1. Introduction 
Over the past decade, China’s economy has been developing at annual growth rates in excess of 
10%, to the point where it is now the second largest economy in the world. This growth has been 
enabled by the rapid expansion of the Chinese electricity sector. In 2005 alone China added more 
than the entire generating capacity of Australia [1]. As the growth in the electricity sector is 
almost entirely covered by coal-fired power stations, the economic growth has resulted in a CO2-
emissions growth, making China now the largest CO2-emitter in the world. The generation 
efficiency of Chinese power stations has been improved substantially over the last decade. 
However, large absolute CO2-emission reductions from the installed coal-fired power stations 
can only be achieved through post-combustion capture of CO2 and its storage in geological 
formations. This will prevent CO2 from entering the atmosphere. 
Since 2007, CSIRO and the Thermal Power Research Institute (TPRI) have engaged in a 
collaborative research program in amine based post-combustion capture (PCC) of CO2 in the 
framework of the Asia-Pacific Partnership on Clean Development and Climate. This program 
consists of 4 phases and is due to be completed in 2011: 
• Phase 1: Pilot plant at Huaneng Beijing Cogeneration Plant
This part of the program has been completed in 2009 and marked an important milestone 
in the development of PCC technologies in China [2]. It has contributed to the 
establishment of a PCC pilot plant at the Huaneng Beijing Cogeneration plant based on 
technology developed by TPRI and provided useful information and relevant operational 
experience for PCC in China. 
• Phase 2: Pilot plant at second site
A transportable pilot plant will be designed, constructed and commissioned during the 
remainder of the program allowing the testing of different types of absorbents in a range of 
power stations in China. 
• Phase 3: Technology scale up and international industry implementation
This part of the program focuses on an assessment of the costs for PCC in China through a 
prefeasibility study and is the topic of this paper. 
• Phase 4: Outreach program
The results of the program will be presented at a dedicated PCC workshop in China during 
the first half 2011. 
In this paper results from a comparative cost assessment of PCC in Australia and China are 
presented. PCC process models and power plant models developed by CSIRO with the objective 
to assist in the PCC technology development for the Australian situation are used for this 
assessment. The models have been adapted to provide a typical case for Australia and for China 
as part of the aforementioned Phase 3. 
2. Power generation in Australia and China  
Key data for Australia’s and China’s coal fired power generation fleet are given in Table 1 
[3,4,5,6,7,8]. 
1870 N. Dave et al. / Energy Procedia 4 (2011) 1869–1877
Author name / Energy Procedia 00 (2010) 000–000 3
Table 1: Key data for coal fired power stations in Australia and China 
China is the world’s largest producer of coal, whereas Australia is the largest coal exporter. Both 
countries have in common that their power generation is predominantly based on coal (China: 
70%; Australia: 80%). However, in power related statistics like CO2-emissions and installed 
generation capacity, China’s volume or size is many times larger than that of Australia. In both 
countries the use of coal is of large economic importance underpinning a large part of the 
manufacturing industry in China and providing a relatively cheap source of power in Australia. 
The successful development of CO2 capture and storage technologies is therefore of equal 
importance to both economies in a carbon constrained world. The Chinese power sector is 
undergoing rapid changes as a result of the continued economic growth and hence the data as 
presented in Table 1 will undergo rapid changes in the next decade. China has a policy in place 
by which the older, small, low-efficiency coal-fired power stations are replaced by larger high-
efficiency ones, utilising supercritical steam conditions to achieve this. Hence the efficiencies of 
Chinese power stations in Table 1 show a much wider range than for Australian power stations.  
Existing black-coal-fired power plants in Australia are almost entirely subcritical types with 
supercritical single reheat conditions being used in the recently commissioned power stations. 
Higher efficiency steam cycles are expected to be applied in future to all black coal-fired plants 
larger than about 350 MW in capacity. Australian coal-fired power stations have limited 
emission controls - only particulate removal (electrostatic precipitators or bag filters). Flue gas 
desulphurisation (FGD) has not been utilised as a result of the lower sulphur content of the coal. 
This factor, along with the generally remote locations and low population density areas that the 
stations are operating in, has led to Australia’s fairly unique situation when it comes to CO2
capture from its coal-fired power plant flue gases.
3. Approach and Methodology 
The approach taken was to select typical configurations of a state-of-the-art coal-fired power 
station in China and in Australia and develop the costs for coal fired power generation with and 
without standard PCC, based on a 30% MEA (monoethanolamine) solvent, retrofitted to the 
Parameter Australia China
Coal production 323 Mtonne (75.5 % export) 2549 Mtonne (2.1% export) 
Coal fired generation capacity 28 GW 600 GW 
Electricity production 170 TWh/a 2779 TWh/a 
Average generation efficiency and 
CO2 emission 
35.6% - 0.9 tonne CO2/MWh (black coal) 
(range: 25.0 – 40.0 % depending on age) 
25.7% - 1.3 tonne CO2/MWh (brown coal) 
34.4 % – 0.93 tonne CO2/MWh 
(range: 20.5 – 43.0 % depending on age) 
Overall CO2-emissions power 
sector
170 Mtonne CO2/a 2585 Mtonne CO2/a 
Typical SO2 level range in flue gas
  
200 - 600 ppm (black coal) 




Typical NOx level range in flue gas 300 - 700 ppm (black coal)
100 - 200 ppm (brown coal) 
300 – 900 ppm 
Cooling water requirement 1.5 - 3.0 m3/MWh 2.0 - 4.0 m3/MWh 
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power station. The CO2 captured from the power station was compressed to 10 MPa, ready for 
storage or pipeline storage. A generic plant with gross electrical power output of 600 MW and 
operating at 90% capacity factor was assumed for this study. The power plant uses Surat Basin 
(Queensland) black coal for the Australian case and a typical Chinese coal composition for the 
Chinese case (Table 2). 
Table 2:  Coal properties and ambient conditions 
Coal Surat Basin (Australia) China 
Proximate Analysis (weight % as received)   
             Moisture 12.4 14.0
             Ash 25.4 11.0
             Volatile Matter 33.3 27.3
             Fixed Carbon 28.7 47.7
                                            Total 99.8 100.0
Heating Value (as received)  
                                           (MJ/kg) 20.14 (HHV)/18.96 (LHV) 23.89 (HHV)/22.76 (LHV)
Ultimate Analysis (weight % dry ash free) 
             Carbon 76.5 80.44
             Hydrogen 6.45 4.83
             Nitrogen 0.95 0.92
             Sulphur 0.53 0.55
             Oxygen 15.57 13.27
                                            Total 100.0 100.0
Performance 
             Unburned carbon in furnace ash (%) 5 0.5~0.6%  
             Unburned carbon in fly-ash (%) 1.7 0.1~0.2%
Table 3 summarises the ambient conditions used in this work. 
Table 3 - Ambient conditions 
Parameter Australia China 
Average temperature 25 oC 16 oC 
Average relative humidity 60 % 79% 
Altitude 111 m 4.2 m 
STEAM PRO, STEAM MASTER and PEACE software from Thermoflex Inc were used to 
simulate coal-fired power plants. STEAM PRO allows for the steam plant design point heat 
balances, complete with outputs for plant hardware description, preliminary engineering details 
and cost estimates in conjunction with PEACE. Hence, it realistically simulates and costs a base 
case coal-fired power plant without CO2 capture. STEAM MASTER facilitates off-design 
calculations for an existing power plant and hence estimates the impact of steam extraction on 
the power plant performance when steam is extracted from the steam cycle in order to regenerate 
the spent chemical solvent in the stripper of a CO2 capture plant. 
The CO2 capture plant was simulated using the ASPEN-Plus process engineering software 
available from AspenTech Inc, USA. This software provides steady state chemical equilibrium 
based as well as reaction kinetics based process designs for the CO2 absorber and the solvent 
regenerator. In addition, material and energy flows are determined at inlets and outlets of all 
equipment on the CO2 capture plant to facilitate their sizing. For the base case, 30% w/w MEA 
based CO2 capture process was used. Table 4 details the operating conditions determined for the 
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CO2 capture plant. The CO2 capture plant was considered to have two parallel trains of absorbers 
and two parallel trains of solvent regenerators. The steam for solvent regeneration was 
considered to be available from the power plant steam cycle at 305 kPa and 406 K.  The capture 
plant capital investment cost was calculated from data available in-house. 
Table 4:  Operating conditions for CO2 capture plant 
Chemical Solvent – Aqueous MEA 30% w/w 
Solvent Temperature @ Inlet to the Absorber  40 oC 
Flue Gas Temperature @ Inlet to the Absorber 45 oC 
CO2 Loading of Solvent @ Inlet to the Absorber 0.21 
CO2 Removal  90% 
Number of Theoretical Stages in Absorber 4 
Number of Theoretical Stages in Regenerator 9 
Reboiler Temperature 120 oC 
Reboiler Heat Duty  4 MJ/kg CO2
Product CO2 Pressure and Temperature  10 MPa and 40 oC 
4. Techno-economic assumptions for the case studies 
The techno-economic parameters required for the assessment are quite different between China 
and Australia. Labour costs are much lower in China resulting in lower costs for equipment 
manufacture. However, fuel costs are much lower in Australia, as a result of power stations 
being quite close to the mines. An overview of the cost (August 2010) and other economic 
parameters for China and Australia is given in Table 5. 
CSIRO has provided assessments of the cost of CO2 capture technologies on a regular basis [9]. 
These assessments, also done for PCC, have provided direction for Australian CCS research, 
development and deployment programs. Recently the costs of PCC have been updated to 
contribute to the basis for CSIRO’s R&D program on PCC [10]. This involved an analysis of 
five different steam conditions (Subcritical, Supercritical Single Reheat, Ultra-supercritical 
Single Reheat, Supercritical Double Reheat, Ultra-supercritical Double Reheat) using two 
different cooling systems (cooling tower and air cooling). This reflected a wide range of options 
between the existing and newly-built coal-fired power stations. For new power stations the most 
likely design will be based on an Ultra-Supercritical Single Reheat steam cycle with air cooling 
for Australian case and seawater cooling for the Chinese case. The steam conditions are 26.25 
MPa - 600 oC/ 5.7 MPa - 600 oC/ 0.652 MPa - 285 oC. The condenser temperatures are 52 oC and 
31 oC, for the Australian and Chinese case, respectively. A 600 MWe gross output is assumed for 
the cases without capture. The cases for 90% CO2 capture are essentially retrofit options to this 
power plant. 
As regards the integration of the capture plant with the power station, several options were 
considered for the extraction of steam at the cross-over point between the medium and low 
pressure turbine: a floating pressure, a throttle valve, a clutched turbine and a back-pressure 
turbine [11]. The option of a floating pressure would not give sufficient extraction of steam to 
result in 90% capture; the other options would. The lowest cost option, i.e. the throttle valve was 
selected in this study for both the Australian and Chinese case. 
Another consideration was the size of the low pressure turbine in the power plant. If the capture 
plant is to be operated full time when the power plant is operating, the size of the low pressure 
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turbine can be reduced, compared to a power station without CO2 capture. This will lead to a 
lower power plant investment cost and optimum efficiency for the power plant with CO2 capture. 
However, if it is required to have the flexibility to operate the power plant without CO2 capture 
at maximum output then the size of the low pressure turbine needs to be optimal for the situation 
without CO2 capture. This allows the capture plant to be shut down during periods of high 
electricity demand for a limited amount of time during the year. This flexibility might avoid the 
installation of additional capacity to cover peak electricity demand and it has therefore economic 
benefits. In this study only the retrofit situation (using a throttle valve without low pressure 
turbine replacement) was considered as it reflects the most likely situation in the volatile 
Australian electricity market. It was also used for the Chinese case. 
The Australian plant without CO2 capture is not equipped with flue gas desulphurisation, 
whereas the Chinese power plant would have flue gas desulphurisation and denitrification (FGD: 
< 50 mg/Nm3; DeNox: 200 mg/Nm3). In the cases with CO2 capture both power plants would 
have flue gas desulphurisation installed reducing the SO2 content to 5 ppm before the CO2
capture plant. 
5. Results and discussion 
Table 6 gives the comparative overview of the power plant performances for the plants without 
and with 90% CO2 capture. 
The Australian power plants have a lower net efficiency, which is mainly due to the higher 
condenser temperature resulting from the air cooling, the internal power requirements for the air 
cooling and the poorer coal quality (the Australian has a lower heating value than the Chinese 
coal). The relative drop in the efficiency is approximately the same for the Australian and 
Chinese case. The efficiency and specific emissions for the Chinese power plant without capture 
are similar to the one reported through the NZEC (Near Zero Emission Coal) project [12]. The 
efficiency for the power plant with 90% CO2 capture is higher in the NZEC project report. This 
is most likely due to a higher performance expectation of the MEA capture process. 
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 Table 5: Overview of relevant cost and other economic parameters in Australia and China 
Table 6: Overview of coal fired power plant performances in Australia and China 
Australia China 
 No CO2 Capture With 90% CO2 Capture No CO2 Capture With 90% CO2 Capture 
Coal  Input 267.5 tonne/hr 267.5 tonne/hr 207.3 tonne/hr 207.3 tonne/hr
Net Power Output 571 MWe 420 MWe 570 MWe 412 MWe
Net Plant Efficiency (LHV) 40.5 % 29.8 % 43.5 % 31.4 %
Net Plant Efficiency (HHV) 38.1 % 28.0 % 41.4 % 29.9 %
CO2 emissions 810 kg/MWhnett 105 kg/MWhnett 806 kg/MWhnett 111 kg/MWhnett
Table 7 gives an overview of the economical results from the study. The costs are expressed in 
the respective country currencies. At present (August 2010) A$ equals 6.8 RMB. 
 Australia China 
Fuel 1.0 A$/GJ 26 RMB/GJ 
Raw water 0.3 A$/m3 5.6 RMB/t 
Demineralised water cost 3 A$/t 20 RMB/t 
Cooling water  2 A$/t 7 RMB/t 
MEA solvent 85% w/w 2.0 A$/kg 20 RMB/kg 
Activated Carbon filter 2.1 A$/kg 7 RMB/kg 
Corrosion inhibitor cost 100 A$/kg 100 RMB/kg 
Limestone/Lime for FGD cost 0.05 A$/kg 0.06 RMB/kg 
Manning levels   
Power plant operation  48 persons @ average 100,000 A$/a 48 persons @ average 200,000 RMB/a 
Power plant administration  25 persons @ average 70,000 A$/a 25 persons @ average 400,000 RMB/a 
Power plant maintenance 42 persons @ average 200,000 A$/a 42 persons @ average 200,000 RMB/a 
Capture plant operation  22 persons @ average 100,000 A$/a 22 persons @ average 200,000 RMB/a 
Capture plant administration  5 persons @ average 70,000 A$/a 5 persons @ average 300,000 RMB/a 
Capture plant maintenance 10 persons @ average 55,000 A$/a 10 persons @ average 200,000 RMB/a 
Other Economic parameters   
Plant Construction period 3 years 2 years 
Annual interest rate 10 % 7 % 
Amortisation period 30 years 20 years 
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Table 7: Cost overview of coal fired power plants without and with 90% CO2 capture 
Australia China 
 No CO2 Capture With 90% CO2 Capture No CO2 Capture With 90% CO2 Capture 
Capital costs 2529 A$/kWe 5046 A$/kWe 4659 RMB/kWe 8635 RMB/kWe
Generation Costs 56.4 A$/MWh 120.3 A$/MWh 290 RMB/MWh 430 RMB/MWh
Cost of CO2 avoidance 91.3 A$/tonne CO2 203 RMB/tonne CO2
Capturing 90% of the CO2 emissions from coal fired power stations leads to a doubling of the 
power plant capital costs in both countries. This results in a doubling of the cost of generation in 
Australia, whereas in China these costs are increased by 50%. At the current currency exchange 
rate, the costs of CO2 avoidance in China are 1/3 of the costs in Australia. 
Figure 1 gives an insight into the various contributions to the cost of generation in Australia and 
China.  
Figure 1: Overview of the various contributions to the cost of generation 
Figure 1 illustrates some essential differences between Australia and China. In the Australian 
case it is the capital costs which dominate the cost of generation (73% of total) and fuel costs are 
low. Capture of CO2 will result in a doubling of the capital costs and hence results in a large 
increase in the cost of capture. Also the increase in operation and maintenance costs is 
significant. In the Chinese case, the fuel costs dominate the cost of generation (77% of total). 
Hence the effect of doubling the capital costs as a result of capture of CO2 has a lesser effect, but 
it is the increase in fuel consumption which dominates the cost increase. 
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The Chinese power sector will benefit more from improvements in the energy performance of 
the capture process than the Australian power sector. For the Australian circumstances cost 
reductions are more efficiently achieved by reduction in the capital costs, e.g. through the use of 
cheaper equipment. 
6. Conclusions 
The study has highlighted large cost differences between Australia and China in the application 
of post-combustion capture for coal-fired power plants: 
• In Australia the cost of generation (without and with CO2 capture) is dominated by 
capital costs; In China the cost of generation is dominated by fuel costs. 
• Cost of generation will double in Australia and increase by 50% in China when PCC 
(90% CO2 capture) is applied to a coal fired power station.
• The cost of PCC in China is about 1/3 compared to the costs in Australia at the current 
exchange rate (August 2010). 
• Development of more energy efficient PCC-processes will be most beneficial in China, 
whereas in Australia lower capital costs should be aimed for. 
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